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190a Sunday, February 26, 2012a biomimetic environment, and in the creation of artificial cells. Here, we de-
scribe a novel method for the preparation of GUVs from single multilamellar li-
posomes by means of directed infrared laser heating. Our method generates
individual unilamellar vesicles at selected locations, not only from natural and
artificial lipidmixtures containing negatively charged lipids, but also from prep-
arations of single lipids, such as neutral phosphatidylethanolamine. The pre-
sented method provides a new efficient resource for giant vesicle research and
offers an alternative to the electroformation and de/rehydration techniques.
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Nanosecond, megavolt-per meter, pulsed electric field (nanoelectropulse)
technology—a low-energy, nondestructive means for transiently electroper-
meabilizing biological cell membranes—is used in cancer therapy, genetic
engineering, and cell biology. The effects of nanoelectropulses on the plasma
membrane have been widely investigated. Opening of stable, long-lasting, lipid
nanopores, selective uptake of fluorescence dyes, phosphatidylserine external-
ization, and cell volume change (swelling) due to water molecules uptake have
been observed and reported. In particular, cell swelling has been recently intro-
duced as a sensitive method for characterizing plasma membrane permeabiliza-
tion. In this work, a systematic description and analysis of the cell swelling
phenomenon is presented. Human Jurkat T lymphoblasts were exposed to 3
ns and 5 ns pulses from two different pulse generators, with different electrical
characteristics. These pulse widths are much shorter than those reported previ-
ously. Different pulse counts (0, 1, 3, 5, 10, 20, 30, 50) and repetition rates
(1 Hz or 1 kHz) were tested. In addition, to understand the types of pores
formed by nanoelectropulses, swelling was induced in the presence of lantha-
nide ions (Gd3þ and La3þ) and Hg2þ, which are known to act on specific mem-
brane channels. Mechanisms of nanoelectropulse-induced swelling will be
discussed, and an empirical equation will be developed to describe the effects
of different pulse parameters on cell membrane electropermeabilization.
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A strand displacement-based system has been developed that substitutes ino-
sine for guanosine in DNA sequences called ‘‘zippers’’. Each zipper sequence
employs traditional adenosine-thymine bonding as well as non-traditional ino-
sine-cytidine bonding. The I-C bond consists of only 2 hydrogen bonds as op-
posed to the typical 3 hydrogen bonds found in G-C bonds. A zipper helix
consists of one strand with A and C and a second strand with complementary
I and T nucleotides. The second strand is displaced by the introduction of
a strand with G and T nucleotides complementary to the first strand. These zip-
pers can be introduced as an active element in larger DNA devices and be de-
signed to be used in different situations. The first example is of zippers
incorporated into single and double ‘‘spring’’ systems. The springs incorporate
in such a manner that allow them be repeatedly extended and reset. Multiple
springs can be incorporated into larger 2D and 3D DNA structures, allowing
them to change between conformations on demand. Zippers can also be incor-
porated into a gating system for ion channels such as hemolysin and DNA teth-
ered to a larger nanoparticle and passing through the hemolysin channel.
Zippers at the end of such a strand could lock the DNA strand in place, effec-
tively allowing the nanoparticle to block the channel on the other side. Finally
DNA zippers have not been properly characterized by quantitative measure-
ments yet. AFM or optical trap studies can be performed to study the binding
energy of a zipper sequence.
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Trehalose and other glass forming carbohydrates have been used for decades in
the preservation of biomolecules, their assemblies, and even whole cells. Suc-
cessful dry-state preservation has been achieved with many types of biological
materials, and the protective mechanism is reasonably well understood asa combination of water-replacement and vitrification. Nucleated cells, how-
ever, have posed a significant challenge. Despite active investigation, there is
still no reliable method for achieving high viabilities below 0.2 g H2O/g dry
weight. Since the benefits of achieving successful preservation of nucleated
cells in the dry state would be dramatic, novel approaches appear necessary.
Here we describe one possibility, the use of silica glass as a protective agent.
Recent work has shown tremendous potential for protecting individual biomol-
ecules and many types of living cells using mineral coats of silicon dioxide.
Here, we describe the coating of vesicle membranes and whole cells with silica
by vapor phase deposition. We evaluate this system, alone and in combination
with trehalose, for its efficiency at protecting cells and membranes from
desiccation-induced damage. In addition, we have investigated the mechanism
of protection with regard to: (1) direct interactions between phospholipid head-
groups and unreacted hydroxyls, present as the silica polymerizes; and (2) de-
pression of the phase transition of the dry membrane to values close to the fully
hydrated lipid. We find the mechanism by which silica protects biomolecules to
be significantly different from disaccharide-based protection. This exciting
partnering of organic and inorganic materials may open the door to many
new possibilities in the preservation and immobilization of biologicals. The au-
thors acknowledge C. Jeffrey Brinker (UNM) and Blaine Butler (Luna Innova-
tions Inc.) for stimulating discussions regarding silica-based preservation.
Funding from the Department of Energy-USA is gratefully acknowledged.
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We report in this study the validation of an automated patch clamp system that
enables a novel way of analyzing ligand-gated ion channel (LGIC) pharmacol-
ogy, based on high uniformity of currents at 384 parallel recording wells. The
system combines a 384-well pipettor with 384 amplifiers and digitizers for par-
allel recording in all wells at once, no multiplexing is performed. The system
measures cell membrane currents using the perforated patch clamp technique
on a polyimide substrate. Currents are measured using either a single hole
(SH) in each recording well or an array of 64 holes in each well (Population
Patch Clamp or PPC). In this study we validated the performance of IonWorks
Barracuda system with multiple ion channels targets. Data presented here in-
clude measurement of solution exchange rate, LGIC recordings of nicotinic
acetylcholine receptors a1 and a7, acid sensing ion channels, and GABA chlo-
ride channels; as well as VGIC recordings of NaV, KV and hERG channels.
Pharmacological blockade of ion channel activity is also presented to validate
the use of this automated, high-throughput system for screening ion channel
targets in a drug discovery setting.
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Recently, the work of Tsofina et al. (Tsofina et al., Nature 212, 681 (1966)), in
which lipid bilayers were formed from the mechanical union of lipid mono-
layers self-assembled on oil/water interfaces, has been extended in microfluidic
devices (Funakoshi et al., Anal. Chem. 78, 8169 (2006) and droplet platforms
(Holden et al., JACS. 129, 8650 (2007)), which have enabled simultaneous op-
tical and electrical ion channel studies at the single channel level (Heron et al.,
JACS 131, 1652 (2009)). Our group has also shown that this method of bilayer
assembly is also quite amenable to parallelism (Poulos et al., Biosens. Bioelec-
tron. 24, 1806 (2009) and automation (Thapliyal et al., Biosens. Bioelectron.
26, 2651 (2010); Poulos et al., J. Phys. Condens. Matter 22, 454105 (2010)).
In 2011 Leptihn et al. published single channel measurements of physiologi-
cally relevant ion channels in such bilayers (Leptihn et al., JACS 133, 9370
(2011)). I will present our work in which we have obtained ensemble measure-
ments of the human cardiac potassium channel hERG (Kv11.1), rat TRPM8,
and other physiologically relevant ion channels. I will also present our mea-
surements of the conductance modulation of ion channel ensembles by known
pharmaceutically active compounds at a range of concentrations, obtaining
IC50 values that match the literature. I will report on our progress developing
a parallel and automated platform to perform these measurements with in-
creased throughput. Such a platform may find use in electrophysiological re-
search to increase productivity of conventional lipid bilayer studies and
enable screening of ‘‘hard to patch’’ ion channels.
